In this paper, we define a new kind of Kantorovich type (p, q)-Szász-Mirakjan operators and prove approximation properties of these operators. We use modulus of continuity and Peetre K-functional to estimate the rate of convergence.Finally,the weighted approximation results for the operator are studied.
Introduction
In 1997, Phillips [1] studied q analogue of Bernstein polynomials. Later, some q-operators are concerned by a large number of researchers. For instance, q analogue of Baskakov-Kantorovich operators in [2] ; q analogue of BernsteinSchurer-Kantorovich operators in [3] ; q analogue of Szász-Kantorovich operators in [4] ; q analogue of Szász-Mirakjan-Kantorovich operators in [5] and so on.
Since then, the q-calculus has led to the discovery of the (p, q)-calculus. In [6] , Mursaleen et al.have applied (p, q)-calculus to construct (p, q)Bernstein operators. Moreover, they studied the approximation properties of (p, q) BernsteinStancu operators in [7] . So many (p, q) operators began to enter some researchers' attention.
In this paper, we introduced a new kind of (p, q)-Szász-Mirakjan-Kantorovich operators. First,we give some notations on the (p, q) calculus. Let 0 < q < p ≤ 1, the (p, q)-integer [n] p,q , the (p, q)-factorial [n] p,q ! and (p, q)-binomial are given by
where e p,q (x)E p,q (−x) = 1. When p = 1, e p,q (x) and E p,q (−x) are q-exponential functions. The (p, q)-Jackson integral is defined as
In [8] ,Tuncer Acar introduced (p, q)-Szász-Mirakjan operators as: for 0 < q < p ≤ 1n ∈ N and f :
where
Construction of operators
In [9] , Mursaleen et al.constructed (p, q)-Szász-Mirakjan-Kantorovich operators as follows:
where f is a nondecreasing function and f ∈ [0, ∞). The nondecreasing condition on f must be true, since the (p, q)-Jackson integral is not a positive operator. In this paper, we can delete this condition and construct (p, q)-Szász-Mirakjan-Kantorovich operators for 0 < q < p ≤ 1, n ∈ N and f ∈ C[0, ∞) as:
Lemma 2.1 Let 0 < q < p ≤ 1 and n ∈ N ,we can get
Proof Using the identity (1), lemma can be proved. Lemma 2.2 For 0 < q < p ≤ 1 and n ∈ N ,we have
Proof By the definition of the operators(2)and lemma 2.1, we can obtain equations as follows:
Corollary 1 Using lemma2.2, we can have the following formulas:
Proof By the linearity of the operator given by (2), we have |f (x)|. Further, Peetre's K-functional is showed by
By [10 p.177,Theorem 2.4],there exists an absolute constant C > 0 such that
here
is the second order modulus of smoothness of f ∈ C B [0, ∞). Then modulus of continuity of f ∈ C B [0, ∞) is given by
Then according to the above lemmas, we can get theorems as follows:
where M is an absolute constant, δ n (x) = {K p,q
and
Proof Forx ∈ [0, ∞), we construct the auxiliary operator K * n (f ; x) defined by
Let g ∈ W 2 , using Taylor's formula
we have
On the other hand,
Therefore, we can conclude that
. Also,we can write
Taking the infimum on the right hand side over all g ∈ W 2 , we get
Hence,using equality(3.1), we can
We define following class of functions:
2 )}, where M f is a constant defending on the function f . Let
finite}.The norm on the space C *
Proof For x ∈ [0, a] and t > 0,we can get(see [11. Equation 3 .3])
Hence,according to the above inequality and Cauchy-Schwarz ,we obtain
Using Corollary1, for x ∈ [0, a], we can write Let q = q n ∈ (0, 1), p = p n ∈ (q, 1] such that lim [n] pn,qn [2] pn,qn 1 + x 2 ≤ 1 − p n q n + 1 [n] pn,qn [2] pn,qn If we choose x 0 > 0 large enough so that when n → ∞, Hence, our theorem is proved.
